Two bacteriocins were found in the supernatant fluid and in an extract of Streptococcus faecium strain EI. The small soluble enterocin EIA represented more than go % of the total activity in the supernatant fluid, and was purified 400-fold by ammonium sulphate fractionation, gel filtration on Sephadex G-75 and chromatography on DEAE-cellulose. Enterocin EIB, with a particle weight greater than 4 x I O~, was the predominant type in the extract. It was released in appreciable quantities after breakage of the bacteria and was purified Ioo-fold by differential centrifugation, chromatography on Sepharose 4 B and density gradient ultracentrifugation. Enterocin EIA, a basic substance with a molecular weight of about 10000, was resistant to heat and was attacked by trypsin, whereas enterocin EIB was less thermostable and insensitive to proteolytic enzymes. The activity of enterocin EIB was unchanged by treatment with DNAase. Sensitivity to enterocin action was confined to certain strains of various enterococcus species, Streptococcus salivarius and Listeriu rnonocytogenes ; all the other Gram-positive and Gramnegative bacteria tested for sensitivity were unaffected by either enterocin.
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I N T R O D U C T I O N
Bacteriocins are high-molecular-weight bactericidal substances, which are synthesized by bacteria. They differ from most antibiotics in several respects, principally their narrow range of activity. Bacteriocins have been reported for numerous Gram-negative bacteria and some Gram-positive bacteria such as Staphylococcus aureus, Clostridium botulinum, Listeria monocytogenes and Bacillus megaterium (Reeves, 1972 ; Brandis & Smarda, 1971) .
Antibiotic substances resembling bacteriocins were first detected in group D streptococci by Kjems (1955) while studying lysogeny in streptococci. Brandis & Brandis (1962 noted the similarity between colicins and an inhibitory agent produced by Streptococcus faecium and named the latter substance enterocin. Brock, Peacher & Pierson (1963) and Brandis, Brandis & van de Loo (1965) found that more than 50 % of group D streptococcus (enterococcus) strains of various species produce at least one enterocin. Several authors have described bacteriocin-like agents produced by enterococci (Kalmanson, Hubert & We report the purification of two enterocins produced by S. faecium and some of their properties. 
METHODS

Cultures.
The enterocins EI A and EIB were isolated from Streptococcus faecium strain EI. Streptococcus faecium strain 158 was used as indicator strain for testing enterocin activity. All strains of bacteria tested were isolated from human sources. Strains of enterococci were classified as S. faecium, S. faecalis, S. faecalis var. zymogenes and S. faecalis var. liquefaciens (Heeschen, Tolle & Zeidler, 1967 ; Esper, 1970) . Unless otherwise stated, the basic medium for bacterial growth was tryptose phosphate broth (TPB; Difco).
Enterocin assay. A spot test was used to determine the inhibitory effect of enterocins on various bacteria. A drop of purified enterocin solution was spotted on the surface of an agar (TPB) plate with a 3 ml layer of top soft agar (TPB) containing approximately 10' organisms of a freshly grown indicator strain. After incubating for 18 h at 37 "C, the plates were examined for inhibition of growth. To obtain quantitative data, serial dilutions (3 ml) of the enterocin and a control tube without enterocin were mixed with 3 x 104 bacteria from an exponential-phase broth culture of the indicator strain. The tubes were incubated at 37 "C for 6 h, and bacterial growth determined by measurement of
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The highest dilution that completely inhibited growth was noted. The reciprocal of this dilution was recorded as the titre of the sample.
Adsorbancy at 280 nm was measured in a Zeiss spectrophotometer model PMQ 11.
Partial puriJication of enterocin EIA. TPB (500 ml) was inoculated with I % inoculum obtained from an I 8 h culture of S. faecium EI. After incubation at 37 "C for 6 to 7 h (early stationary phase of growth), the culture was cooled to 4 "C and the bacteria were removed by centrifuging at 5000 g for 30 min. The supernatant fluid was heated to 80 "C for 15 min and concentrated in a rotary evaporator at 45 "C to 200 ml. The concentrated fluid was cooled to 4 "C and solid ammonium sulphate was slowly added with constant stirring until 50 % saturation was obtained. The resulting protein precipitate was collected by centrifuging and was redissolved in a minimal volume of 0.06 M-phosphate buffer pH 7-0 and dialysed in the cold against 0.006 M-phosphate buffer pH 6.8 for 10 h. The solution of enterocin EIA was placed on a Sephadex G-75 column (1-5 x 45 cm). The column was previously equilibrated with 0.06 M-potassium phosphate buffer pH 6.5 and was eluted with the same buffer at a flow rate of 20 ml/h (Fig. I a) . Effluent fractions ( 5 ml) were collected and those showing the highest activity were pooled and washed into a column of DEAE-cellulose (DE 52, Whatman; 2.5 x 50 cm), previously equilibrated with 0.006 Mphosphate buffer at pH 6-7. Enterocin EIA was eluted as a single peak with a linear gradient (0.01 to 0.8 M-NaCl with the same buffer; flow rate 12 ml/h) (Fig. 2) a, enterocin EIB. were pooled and concentrated fivefold in a rotary evaporator at 45 "C. These procedures purified the enterocin EIA 400-fold (Table I) .
Partial purijkation of enterocin E I B . TPB (500 ml) was inoculated with I % inoculum from an I 8 h culture of S. faecium EI. After incubation at 37 "C, organisms were harvested from the stationary phase of growth 0.9, in a Bausch & Lomb colorimeter, model spectronic zo), washed twice with cold 0.06 M-phosphate buffer pH 7.0 and suspended in 5 ml of the same buffer. Bacteria were disrupted by sonic treatment for 10 min at 5 "C (MSE, roo W ultrasonic disintegrator). The sonic extract was centrifuged at 10000 g for 20 min, and the resultant supernatant fluid served as the crude extract for the remaining studies. The crude extract was centrifuged at IOOOOO g for 3 h (Omikron 40000; Christ, Germany). The bulk of the inhibitory activity resided in a transparent jelly-like pellet. (flow rate 15 ml/h) at the void volume of the column (Fig. 3) . The active fractions were pooled and centrifuged (3 h at IOOOOO g), resuspended in I ml of 0.06 M-phosphate buffer pH 7.0 containing 1.1 g CsCl/cm3, and layered on top of 4 ml of a CsCl gradient (density = 1-5 to 1-2 g/cm3) (Fig. 4) . The gradient was centrifuged for 6 h at IOOOOO g in the swingingbucket rotor 9630 (Christ; Omikron 40000). Fractions of approximately 0.5 ml were collected through a hole in the bottom of the centrifuge tube and CsCl was removed by dialysis in the cold against 0.06 M-phosphate buffer at pH 7-0 for 24 h. Refractive index was measured at 25 "C with a refractometer (model Abbe, Zeiss).
R E S U L T S
Enterocin production in solid medium Streptococcus faecium EI was stabbed into TPB agar plates and incubated at 37 "C for 24 h. Surface growth was then killed by exposure to chloroform vapour for 20 min and the indicator strain S. faecium 158 was spread over it. After another 18 h incubation there was a clear inhibition zone around the inoculum. Streptococcus faecium EI repeatedly produced inhibition zones greater than 20 mm in diam. To determine whether the zones of inhibition were due to phage activity, blocks of agar were cut out of zones and crushed in tubes of sterile broth. The extracted material was not able to reproduce in liquid cultures of sensitive strains and did not produce plaques when incubated at 37 "C for 18 h in soft TPB agar containing the indicator strain (10' colony-forming units/ml).
Separation of two active enterocins
Inhibitory activity was present without induction in the supernatant fluid as well as in the extract. The activity could be separated into two distinct substances by gel filtration on Sephadex G-75 or by ultracentrifugation. In the supernatant fluid the enterocin EIA was the predominant type (Fig. ~a ) ; in the extract enterocin EIB represented more than go % of the total activity (Fig. I b) . By comparison with substances of known molecular weight, the enterocin EIA appears to have a molecular weight of about 10000. The enterocin EIB activity coincided with a particle with an apparent weight in excess of 3 x I O~, since it was excluded by Sepharose 4B. 
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Stability of enterocins
Purified enterocins were prepared as described in Methods and the effects of heat, proteolytic enzymes and DNAase on purified enterocin preparations were studied. The activity of enterocin EIA was not significantly lowered by heating at 80 "C for 30 min or boiling for 10 min ( Table 2) . Enterocin EIB was slightly less stable; a marked loss of activity occurred when it was boiled for 10 min.
Trypsin and pepsin destroyed the enterocin E I A activity almost completely; a-chymotrypsin was less effective in inactivating enterocin EIA. Enterocin EIB was resistant to the action of the three proteolytic enzymes and was not attacked by DNAase. Treatment with 6 M-Urea diminished enterocin EIB activity. However, gel chromatography did not show dissociation of enterocin EIB into active units of smaller size.
Spectrum of activity
The inhibitory effects of purified enterocin EIA (titre 1600) and enterocin EIB (titre 2000) on various Gram-positive and Gram-negative bacteria were tested. Enterocin EI A had an action spectrum almost identical to enterocin EIB. All Gram-negative bacteria tested and most of the Gram-positive bacteria, including the enterocin-producing strain S. faecium E r , were resistant to the action of the enterocins. Inhibition was confined to certain strains of various enterococcus species, S. salivarius and L. monocytogenes. Streptococcus faecium strain s3 was inhibited by enterocin EIA but not by enterocin EIB (Table 3) .
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The enterocin produced by S. faecium EI could be separated into two distinct substancesenterocin EIA and EIB -which differ in physical, biological and chemical characteristics. A bacteriocin that is elaborated by Clostridium botulinurn strain ~5 is also separable into two biologically active fractions and shares several of the properties of enterocins (Ellison & Kautter, 1970) : (i) enterocins and C. botulinum bacteriocins are produced without induction; (ii) the predominant type in the supernatant fluid is trypsin-sensitive and has a molecular weight of under 30000; (iii) the large bacteriocin has a particle weight exceeding 106 and cannot be dissociated into active particles of smaller size by heating or by urea treatment. Bradley (1967) separated bacteriocins into two main groups -low molecular weight and high molecular weight. Enterocin EIA clearly falls within the first category in that it cannot be sedimented, it is thermostable, and it is sensitive to the action of proteolytic enzymes, whereas enterocin EIB falls within the second category in that it is sedimentable, thermolabile and trypsin-resistant. It has been suggested that enterocin EIB particles might possess a phage-li ke structure. Although a bacteriophage could be demonstrated by electron microscopy in the supernatant fluid of S. faecium EI, phages or phage-like particles were not found in the purified preparation of enterocin EIB (Kramer, 1972) . Enterocin EIA and enterocin EIB differ from S. faecium EI bacteriophage in the spectrum of activity, and the enterocins were not neutralized by antiphage sera, thereby suggesting that the enterocins and the phage are unrelated (Kramer, 1972) . Hamon & Peron (1963) demonstrated that many bacteriocins produced by Grampositive bacteria differ from those produced by Gram-negative organisms in several respects. The activity spectra are much broader than those from Gram-negative bacteria, as also are the staphylococcins isolated by Gagliano & Hinsdill (1g70), Dajani, Gray & Wannamaker (1970) and Jetten & Vogels (1972) , which showed a wide activity spectrum. Frequently, the bacteriocin-producing strain is sensitive to its own product. A similar result was found for bacteriocins from Staphylococcus aureus (Gagliano & Hinsdill, I 970; Dajani et al. 1970 )~ group A streptococci (Kuttner, 1966) and group B streptococci (Kramer & Brandis, 1972) . However, enterocins EIA and EIB have a narrow range of activity, inhibiting only strains of enterococci and L. monocytogenes, and neither enterocin inhibits the producing strain S. faecium EI.
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